It is generally accepted that osteosarcoma patients with local recurrence (LR) show a worse survival rate than those with only metastatic diseases. [1] [2] [3] [4] [5] Known predicting factors for LR are limb salvages with inadequate surgical margin and poor histologic responses to preoperative chemotherapy.
It is generally accepted that osteosarcoma patients with local recurrence (LR) show a worse survival rate than those with only metastatic diseases. [1] [2] [3] [4] [5] Known predicting factors for LR are limb salvages with inadequate surgical margin and poor histologic responses to preoperative chemotherapy. 2, 6, 7) However, LR is considered an expression rather than a factor of poor prognosis for tumors with an aggressive biologic behavior.
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We questioned 1) the prevalence of LR in these three areas, 2) whether there is a difference in surgical margins between case and control group, and 3) additionally, whether there is a relationship between surgical margin status in these areas and LR at corresponding area in the case-control group.
METHODS

Patient Selection
To accomplish the objectives of this study, we performed three analyses. The data of 98 osteosarcoma with LR and 778 patients without LR registered from March 1990 to March 2009 at our institute were extracted from computerized archives. In the first analysis, we identified 35 patients with LR (cases). Sixty-three of 98 patients who met the following criteria were excluded: 1) stage III at presentation (19 patients), 2) a history of an inadvertent procedure, including open reduction and internal fixation at a referral hospital (16 patients), 3) an axial location (13 patients), 4) primary tumor excision at other institute (six patients), 5) no neoadjuvant chemotherapy due to initial misdiagnosis (three patients), 6) LR development at more than 5 years from primary tumor excision (three patients), 7) surface osteosarcoma (two patients), and 8) a pathologic fracture with diagnostic delay at presentation (one patient). These exclusions left 35 localized extremity osteosarcoma patients that developed LR after limb salvage surgery. LRs were screened according to symptomatology or plain radiographic or bone scans. LR locations were categorized as bones, soft tissues, or perineurovascular, and were confirmed using plain-radiographs and magnetic resonance (MR)/computed tomographic (CT) images.
Mean follow-up of cases was 42.5 months (range, 9 to 195 months).
In the second analysis (case-control study), we selected 70 out of 410 patients who met our inclusion criteria as the control group. Control group members were matched with cases in terms of age, tumor size at presentation, tumor location, and TV change after chemotherapy. All controls and cases received the same chemotherapeutic protocol initially. The mean follow-up of controls was 66.4 months (range, 9 to 211 months). Three hundred sixtyeight out of 778 patients that met the following criteria were excluded: 1) histologic responses to preoperative chemotherapy was not available (84 patients), 2) have not completed our treatment protocol (82 patients), 3) history of an intralesional procedure (54 patients), 4) follow-up period of less than 36 months (52 patients), 5) low grade or atypical osteosarcoma (50 patients), 6) an axial location (33 patients), 7) unavailable data on preoperative volume change (10 patients), and 8) death not related to the disease (three patients).
All patients underwent staging studies, preoperative chemotherapy, surgery, and postoperative chemotherapy, and were followed as previously described.
11) The factors assessed in the present study were: age, gender, primary tumor location, pathologic subtype, pathologic fracture, TV at presentation, pre-and postchemotherapeutic TV change, surgical margin, location of LR, histologic response to preoperative chemotherapy, and metastasisfree duration. TVs were calculated using MR images, as described by Gobel et al. 12) using the formula: TV = 0.53 × tumor length × tumor width × tumor depth. TV changes due to chemotherapy are expressed as tumor volume ratios (TVRs), which were calculated by dividing TV postchemotherapy by TV prechemotherapy. Patients were as- signed to three groups based on TVRs. Specifically, TVRs of < 0.95 were classified as "decreased," TVRs between 0.95 and 1.05 were classified as "stable," and TVRs of > 1.05 were classified as "increased". 13) Surgical margins were evaluated from three areas (bones, soft tissues, and perineurovascular) of each patient. Bone and soft tissue margins were determined using pathologic specimens whereas neurovascular margins were determined by preoperative magnetic resonance imaging (MRI). An adequate margin was defined as a tumor free margin of ≥ 2 cm for bone, the existence of a normal soft tissue cuff enveloping the tumor for soft tissue, and intact perineurovascular fat plane on MRI for neurovascular margin (Fig. 1) . Conversely, inadequate margins were defined as a tumor-free margin of < 2 cm for bones, an exposed tumor pseudo-capsule for soft tissues, and a neurovascular bundle abutting (loss of fat plane) a tumor by MRI. However, patients who showed neurovascular encasements (1 in patient with LR and 5 in control) on preoperative MRI were categorized as having adequate margins through vessel graft (1) or amputation (5). Tumor-free bone margins were measured using pathologic specimens and minimal thickness of normal tissue planes between tumors and neurovascular bundles were measured by MRI. In 11 cases, a close soft tissue margin was defined as < 1 cm of normal tissue, and was regarded as adequate. The presence of metastasis was determined by routine plain chest radiography, computed tomography, and bone scan. This study was approved by our Institutional Review Board.
Fisher exact chi-square test and the Student t-test were used to identify differences between patients in the case and control groups in terms of clinical characteristics. For the 105 patients in the case-control group (third analysis), the correlation between surgical margin status in three resection planes and LR at corresponding area was being assessed. Analyses were performed using SPSS ver. 13.0 (SPSS Inc, Chicago, IL, USA), and p < 0.05 were considered significant.
RESULTS
The LR rate in this study is 7.8% (35/445). The LR rate of upper and lower extremity in the whole cohort were 16.3% (8/49) and 6.8% (27/396) respectively. LRs occurred in soft tissues of 18 cases (51.4%), in perineurovascular tissues of 11 cases (31.4%) and in bones of 6 cases (17.2%). The clinico-pathologic characteristics of the 35 LR patients are summarized in Table 1 . Perineurovascular LR patients had largest initial TV while bone LR patients had the smallest. Most patients (5/7) with a pathologic fracture developed LR in the soft tissues. More than half of the patients that developed LR in perineurovascular or soft tissues had preceding or synchronous (within 8 weeks of LR) metastasis. In terms of final outcome, patients with LR in bones showed a higher survival chance (67%) than patients with LR in soft or perineurovascular tissues (24%). LRs in bones tend to develop later (> 1 year from resection) than the LR in soft or perineurovascular tissues (p = 0.086).
Comparison of the clinicopathologic characteristics between the 35 cases and 70 controls are summarized in Table 2 . As expected, the cases and controls were well Within case-control group, poor surgical margins at the bone (p < 0.001) and perineurovascular areas (p = 0.001) were related with LR at corresponding site (Table  3 , Fig. 2 ). On the other hand, LR in the soft tissue was not related to the adequacy of surgical margin (Fig. 3) . Regarding bone margins, 95 patients (90.4%) were adequate (mean margin width, 4.2 cm; range, 2 to 10 cm) and the other 10 patients (9.6%) were inadequate (mean margin width, 0.8 cm; range, 0 to 1.7 cm). For soft tissue margins, 84 patients (80%) were adequate and 21 patients (20%) were marginal. LRs developed in 14 of 84 patients (16%) adequate soft tissue margin. The number of LR according to the type of soft tissues enveloping the tumor are 1 of 13 fascia (7.7%), 1 of 8 fat (12.5%), and 12 of 63 muscle tissue (19%). On the preoperative MRI, a normal perineurovascular fat plane (mean distance to tumor, 4.2 mm; range, 1 to 20 mm) was interposed in 77 patients (73.3%) and in the remaining 28 patients (26.7%) neurovascular tissues are either abutted (22 patients, 20.9%) or encased (6 patients, 5.8%) the tumor.
DISCUSSION
Although orthopedic oncologist should spare no efforts to prevent the LR, reports suggest a small or no survival gains with mutilating procedure in poor responders to chemotherapy. 10, 14) This may suggest limb salvages with close margin would be a favorable option for the patients showing resistance to chemotherapy. Yet, if possible, the LR should be avoided even in poor responders. However, patients showing resistance to chemotherapy do not often develop LR after marginal resection; moreover, for patients with LR, the actual location of LR is not necessarily around the weakest margin. Therefore, we analyzed the surgical margins of bone, soft tissue, and perineurovascular tissues separately and performed case-control study consisting mainly of poor responders to chemotherapy. Loss of perineurovascular fat plane on preoperative MRI was a valuable factor in predicting LR in patients with poor responses to chemotherapy. Though the neurovascular margin seems to be the most vulnerable area for the development of LR, our study indicates that LR is most common in the soft tissues.
In the present study, although our pathologist examined the surgical specimen, the adequacy of neurovascular surgical margin was determined by MRI which constitutes a study limitation. The reason why we used MRI finding in neurovascular area is that the intact perineurovascular fat plane will be a last barrier before sheathing on the neurovascular side. Moreover, this intactness of fat plane cannot be easily evaluated after fixing the specimen for microscopic examinations. Similarly, the status of soft tissue margin was debatable with a margin of < 1 cm; however, this would be an innate problem of Enneking system in which the adequacy of margin is not determined by a numeral distance from tumor. The rate of LR in our study was within reported ranges. The proportion of inadequate margin in LR cases showed relatively wide variations across the studies. Nevertheless, more than a half of LR patients responded poorly to preoperative chemotherapy. 15, 16) Thus, eventually, the fates of patient with LR were similar (Table 4) .
LR is a conjoined effect of surgical margin and histologic response. However, we hypothesized, in patients showing resistance to chemotherapy, LR would be a consequence to local metastasis (tumor aggressiveness) rather than the inadequacy of surgical margin. Therefore, we assumed that there would be no differences in the surgical margin between case and control group of patients. Nevertheless, our analysis between surgical margin and LR showed contradictory findings according to the three resection planes.
The presence or absence of neurovascular involvement by a tumor is an important factor when deciding on a limb salvage procedure. MRI can demonstrate gross encasement of a vessel readily, but it usually cannot differentiate mere contact, adherence or subtle invasion. When no tissue plane is evident between the tumor mass and the vessels, MRI is interpreted as showing invasions of the vessel; however, in most cases, the vessel dissection is possible at surgery. 17) Therefore, surgeons hesitate to consider this finding as an indication of amputation or vessel graft. Yet, in our case-control study, the only difference between patients with LR and without LR was the integrity of tissue plane between mass and neurovascular bundle. In an extensive 
